We present a study of the optical spectral properties of 115 ultraluminous infrared galaxies (ULIRGs) in the southern sky. Using the optical spectra obtained at CTIO 4 m and provided by the 2dF Galaxy Redshift Survey and the 6dF Galaxy Survey, we measure emission line widths and fluxes for spectral classification. We determine the spectral types of ULIRGs with Hα measurement using the standard diagnostic diagrams. For ULIRGs without Hα measurement, we determine their spectral types using the plane of flux ratio between [O iii]λ5007 and Hβ versus [O iii] line width based on our new empirical criterion. This criterion is efficient to distinguish active galactic nuclei (AGNs) from non-AGN galaxies with completeness and reliability of about 90 per cent. The sample of 115 ULIRGs is found to consist of 8 broad-line AGNs, 49 narrow-line AGNs, and 58 non-AGNs. The AGN fraction is on average 50 per cent and increases with infrared luminosity and IRAS 25−60 µm colour, consistent with previous studies. The IRAS 25−60 µm colour distributions are significantly different between AGN and non-AGN ULIRGs, while their IRAS 60−100 µm colour distributions are similar.
INTRODUCTION
Ultraluminous infrared galaxies (ULIRGs) with infrared luminosity at 8-1000 µm greater than 10 12 L⊙ (Soifer et al. 1987) are extremely energetic objects in the universe. Although they contribute little to the infrared luminosity density in the local universe due to small numbers, they become cosmologically important at z > 1 (e.g., Le Floc'h et al. 2005; Magnelli et al. 2009 ). Their enormous infrared luminosity comes from dust heated by hot young stars (starburst), a supermassive black hole rapidly accreting matter (active galactic nucleus, AGN), or a mixture of these two (see Mirabel 1996 and Lonsdale et al. 2006 for ⋆ Visiting Astronomer, Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatory, which are operated by the Association of Universities for Research in Astronomy, under contract with the National Science Foundation. † E-mail: jclee@astro.snu.ac.kr ‡ E-mail: mglee@astro.snu.ac.kr a review). These starburst and/or AGN activities can be triggered by tidal interactions between galaxies and associated shocks (e.g., Bushouse 1987; Liu & Kennicutt 1995; Barnes 2004 ). In fact, numerous observational and theoretical studies suggested that ULIRGs are mergers of gas-rich disk galaxies (e.g., Clements et al. 1996; Mihos & Hernquist 1996; Veilleux et al. 2002; Younger et al. 2009; Hwang et al. 2010a) , and evolve into quasars (e.g., Sanders et al. 1988; Dasyra et al. 2006; Hopkins et al. 2006; Yuan et al. 2010) or intermediate-mass elliptical galaxies (e.g., Genzel et al. 2001; Tacconi et al. 2002) .
To better understand the origin and evolution of ULIRGs, it is essential to find out what their primary energy source is. A standard spectroscopic method to distinguish between starburst and AGN is to use so-called BPT diagrams (Baldwin et al. 1981) , which are based on optical emission line ratios sensitive to the photoionization source. This optical diagnostic was revised by Veilleux & Osterbrock (1987) and an alternative scheme was proposed by Kewley et al. (2006) . In heavily obscured galaxies like ULIRGs, additional observations at other wavelengths are helpful to characterize their dominant energy source (e.g., X-ray: Franceschini et al. 2003 , Teng et al. 2009 infrared: Risaliti et al. 2006 , Farrah et al. 2007 , Imanishi et al. 2010 radio: Nagar et al. 2003 , Sajina et al. 2008 . However, it is still difficult to determine the relative contribution of starburst and AGN within individual galaxies.
ULIRGs were discovered in large numbers by the Infrared Astronomical Satellite (IRAS; Neugebauer et al. 1984) and the number of ULIRGs increased with the advent of wide-field galaxy redshift surveys (Goto 2005; Pasquali et al. 2005; Cao et al. 2006; Hwang et al. 2007 Hwang et al. , 2010a Hou et al. 2009 ). However, previous studies based on optical spectra of the large sample are limited to the Sloan Digital Sky Survey (SDSS; York et al. 2000) , which mainly covers the northern hemisphere. The optical spectral properties of ULIRGs in the southern hemisphere remain to be studied.
In this study, we present the analysis of optical spectra for about a hundred southern ULIRGs in the catalogue given by Hwang et al. (2007) . The structure of this paper is as follows. The survey data and our observations are described in Section 2. Section 3 explains the procedures to analyse these data and to classify the ULIRGs. In Section 4, the results of our study are discussed, and are compared with those of previous studies. We summarize and conclude in Section 5. Throughout, we adopt H0 = 70 km s
and a flat ΛCDM cosmology with density parameters ΩM = 0.3 and ΩΛ = 0.7. Hwang et al. (2007) identified 324 ULIRGs by crosscorrelating the IRAS Faint Source Catalogue Version 2 (Moshir et al. 1992 ) with the spectroscopic catalogues of galaxies in the Fourth Data Release of SDSS (AdelmanMcCarthy et al. 2006.) , the Final Data Release of the 2dF Galaxy Redshift Survey (2dFGRS; Colless et al. 2001) , and the Second Data Release of the 6dF Galaxy Survey (6dFGS; Jones et al. 2004 Jones et al. , 2005 . The spectral types of ULIRGs in the SDSS among them were determined in Hou et al. (2009) . In this study, we focus on 198 ULIRGs that were not covered by the SDSS but covered by the 2dFGRS and 6dFGS. We used the optical spectra of these ULIRGs available online 1 . The optical spectra of 2dFGRS galaxies were taken with the Two-degree Field (2dF) multi-object spectrograph on the Anglo-Australian Telescope. This spectrograph has 140 µm diameter fibres corresponding to 2 ′′ .16 at the plate centre and 1
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′′ .99 at the edge and covers 3600-8000Å with a spectral resolution of ∼ 9Å. The 6dFGS galaxies were observed with the Six-degree Field (6dF) multi-object spectrograph having 6 ′′ .7 diameter fibres on the United Kingdom Schmidt Telescope. The original grating in the 6dFGS spectrograph spans 4000-8400Åand gives a resolution of 5-12 A. The improved grating, used after 2002 October, spans 3900-7500Å with a resolution of 4.9-6.6Å. It is noted that the 2dFGRS and 6dFGS spectra are not properly fluxcalibrated, but the flux ratio of adjacent lines is still useful (to be discussed in Section 4).
In addition, we conducted optical spectroscopy of 15 ULIRGs in the survey sample plus one ULIRG, IRAS 09022−3615, in Sanders et al. (2003) at the Cerro Tololo Inter-American Observatory (CTIO). The total number of our ULIRG sample with spectra was increased to 199. The additional ULIRGs were observed on 2008 February 20-21 with the Ritchey-Chretien spectrograph and the Loral 3K CCD at the CTIO 4-m telescope (0 ′′ .5 pixel −1 ). A slit with a width of 1 ′′ .5 (a slightly larger than the seeing size) was adopted, and was positioned in the east-west direction (P.A. = 90
• ). We used 316 lines mm −1 grating to cover the spectral range 4500-10500Å with a resolution of 5.6Å (∼ 2.8 pixels). Three exposures were taken for each object and the integration times ranged from 360 to 3000 seconds depending on its brightness.
Data reduction was performed using the IRAF package. This involved bias subtraction, flat fielding, sky subtraction, wavelength and flux calibration. Galaxy spectra were extracted using an aperture width corresponding to a constant linear scale of 5 kpc at the redshift of each galaxy. A He-Ne-Ar lamp and standard star Hiltner 600 (Massey et al. 1988 ) taken nightly were used for wavelength and flux calibration, respectively. In Fig. 1 , we display 13 spectra with median signal-to-noise ratio (S/N) per pixel for the continuum greater than 3. Typical emission lines (Hβ, [O iii]λλ4959, 5007, Hα+[N ii]λλ6548, 6584, and [S ii]λλ6717, 6731) are clearly seen in most spectra.
Among the sample of 199 ULIRGs considered in this study, we analyse the spectra of 115 ULIRGs with continuum S/N > 3. In the case that there are more than one spectrum for the same object, the spectrum with a higher S/N of Hα flux is chosen for the final classification. If Hα is not available from any spectra, the spectrum with a higher S/N of Hβ flux has priority.
ANALYSIS

Emission-line measurements
After transforming the spectrum to the rest-frame and subtracting the local continuum defined by a linear fit around emission-lines, we measure the line widths and fluxes via Gaussian profile fit using the MPFIT/IDL package based on the Levenberg-Marquardt method (Markwardt 2009 lines (e.g., Osterbrock & Mathews 1986; Hao et al. 2005) and the narrow Balmer lines can have extended bases even in star-forming galaxies, which are probably due to WolfRayet stars (e.g., Osterbrook & Cohen 1982; Brinchmann et al. 2008) . To take this into account, we fit each Balmer line with two Gaussians. If the Hα+[N ii] line complex cannot be decomposed into individual lines, the line fluxes are not kept. Meanwhile, the decomposition of [S ii] doublet is not important because we are interested only in the total flux of the lines. Uncertainties in the line measurements, comes from MPFIT routine, are typically 10-30 per cent.
Corrections
We correct the line fluxes for Galactic extinction using the foreground reddening maps provided by Schlegel et al. (1998) and the extinction law of Cardelli et al. (1989) .
Balmer emission lines can be strongly affected by stellar absorption features. We remove the stellar absorption effects following the method discussed in Hopkins et al. (2003) : S = F (EW + EWc)/EW , where S is the stellar absorptioncorrected line flux, F is the measured line flux after foreground reddening correction, EW is the equivalent width of Figure 2 . The diagnostic diagrams for ULIRGs in the Sample A. CTIO, 2dFGRS, and 6dFGS samples are represented by circle, square, and triangle, respectively. The solid, dotted, and dashed lines indicate the extreme starburst (Kewley et al. 2001) , pure star formation (Kauffmann et al. 2003) , and Seyfert-LINER (Kewley et al. 2006 ) lines, respectively. NLAGN represents narrow-line AGN.
the line, and EWc is a correction factor. We adopted EWc values (2.6 and 3.2Å for Hα and Hβ, respectively) of Sc type galaxies (Miller & Owen 2002) .
If both Hα and Hβ are measured, we can correct the line fluxes for internal extinction using the Balmer decrement and the extinction curve with an assumption of an intrinsic Hα/Hβ line ratio of 2.85 for star-forming galaxies and 3.1 for AGN galaxies (Osterbrock & Ferland 2006) . We do not apply this correction when the observed ratio is smaller than the theoretical value.
An observed line width is the convolution of intrinsic line width and instrumental response. Since the instrumental resolution of each survey is significantly different, the observed line width should be corrected for a fair comparison. To correct the full width at half maximum (FWHM) of [O iii]λ5007 line using the quadrature method, we adopt 250 km s −1 as a finite resolution of CTIO spectra. Then we determine that the resolutions are roughly 450, 600, and 400 km s −1 for the 2dFGRS, original 6dFGS, and improved 6dFGS grating, respectively, by considering that the [O iii] lines from different spectra have the same intrinsic width. Note that corrected line widths below 100 km s −1 should be treated with caution due to their large uncertainties (> 200 km s −1 ).
Spectral classification
We use the emission lines with flux uncertainty < 60% for spectral classification. The qualities of line fluxes with uncertainty < 20%, 20-40%, and 40-60% are referred to hereafter as high, moderate, and low, respectively (see Tables 2 and  3 ). In the sample of 115 ULIRGs, 8 ULIRGs have broad Balmer lines, FWHM of broad component of Balmer lines > 2000 km s −1 and height of the broad component > 3 times the local rms of the continuum-subtracted spectra. These are considered to be broad-line AGN galaxies 2 . There are 32 narrow emission-line ULIRGs for which diagrams. Star-forming galaxies lie below the pure star formation line (Kauffmann et al. 2003) −1 to select narrow-line AGN galaxies (dashed line). Using our Sample A and two large, homogeneous samples in the literature (the IRAS 1 Jy ULIRGs: Veilleux et al. 1999; Yuan et al. 2010 ; the SDSS ULIRGs: Hou et al. 2009 ), we determine a new boundary to separate narrow-line AGN galaxies from the others (solid line) with high completeness and reliability as far as possible:
85. If we regard AGNs classified in the diagnostic diagrams as genuine AGNs, the application of our new boundary provides 89% completeness (among the total 88 AGNs, 78 AGNs are found inside this boundary) and 89% reliability (among 88 objects in the boundary, 78 objects are AGNs), while 68% (60/88) completeness and 90% (60/67) reliability using the criteria of Zakamska et al. The galaxies outside the boundary are mostly star-forming or composite galaxies, but they are not separable from each other in this diagram. They are referred to as non-AGN galaxies. Our 115 southern ULIRGs contain 8 broad-line AGNs, 49 narrow-line AGNs including four Seyfert 2 and one LINER galaxies, and 58 non-AGNs including thirteen composite and twelve star-forming galaxies. The spectral classification results (and their basic information) are presented in Table 1 . Detailed line information of Samples A and B is listed in Tables 2 and 3 , respectively.
DISCUSSION
Reliability of our spectral classification
The small aperture spectroscopy could not always contain enough light of an extended source to determine its spectral type. For reliable classification, it is suggested to use an aperture covering more than ∼ 20% of the galaxy light. The minimum aperture covering fraction of 20% corresponds to 2.1 kpc (see fig. 6 in Kewley et al. 2005) . All spectra of ULIRGs in this study satisfy this condition. Therefore, aperture-related effects on our classification are expected to be negligible.
In the 2dFGRS and 6dFGS spectra, the flux for individual line can be unreliable because these spectra are not properly flux-calibrated. Nevertheless, the flux ratio between lines with similar wavelengths is still useful (e.g., Mouhcine et al. 2005; Owers et al. 2007 ). To ensure this, in Fig. 4 , we compare [O iii]/Hβ line ratios derived from both calibrated (i.e., CTIO or SDSS) and uncalibrated (i.e., 2dFGRS or 6dFGS) spectra. It shows that two measurements agree In the left panel, the measurements from CTIO-6dFGS, CTIO-2dFGRS, SDSS-6dFGS, and SDSS-2dFGRS are denoted by squares, diamonds, triangles, and inverse triangles, respectively. In the right panel, the measurements from 6dFGS-2dFGRS are denoted by circles. Only objects with S/Ns of both spectra > 3 are presented. The one-to-one relation (solid line) is overplotted.
well within the errors. The measurements between the 2dF-GRS and 6dFGS spectra also agree well. Among the 115 ULIRGs, there are 22 objects whose spectral types have been previously determined in the literature. The spectral types for 19 out of 22 ULIRGs determined in this study are consistent with those in the literature. If we compare ULIRGs whose subclasses (see columns 11 and 12 in Table 1 ) were determined, 9 out of 13 ULIRGs show a good agreement. Although there are three ULIRGs with different types (or four ULIRGs with different subclasses), all of these ULIRGs are composite galaxies either in this study or in the previous studies.
Dependence of optical properties on infrared parameters
In our sample, 50% (57/115) of the ULIRGs are found to host AGN. The AGN fraction depends on the infrared luminosity and the IRAS flux density ratios (hereafter Table 4 together with those from the 1 Jy and SDSS (Hou et al. 2009 ) samples. Note that no ULIRGs in the 1 Jy sample have colours of log (f60/f100) < −0.3 due to the selection criteria in . The AGN fractions for each sample are comparable in the sense that the differences are less than 1.6 σ by assuming Poisson errors. In all samples, there is a tendency for the ULIRGs with higher infrared luminosity, warmer IRAS 25−60 µm colour to be more AGN-like. These findings are consistent with those in previous works (e.g., Veilleux et al. 1999; Kewley et al. 2001; Goto 2005; Cao et al. 2006; Hou et al. 2009; Yuan et al. 2010 ).
In Fig. 5 , we present infrared luminosity, IRAS 25−60 µm colour, and IRAS 60−100 µm colour distributions of the combined sample (432 ULIRGs) including this study, Hou et al. (2009) . Based on the Kolmogorov-Smirnov (K-S) test, we find that the infrared luminosity distribution of broad-line AGN ULIRGs is significantly different from those of non-AGN and narrowline AGN ULIRGs, while those of non-AGN and narrowline AGN ULIRGs are not so different. We also find that the three types of ULIRGs are significantly different from each other in IRAS 25−60 µm colour distribution but they are indistinguishable in IRAS 60−100 µm colour distribution. In IRAS 25−60 µm colour distribution, the significant difference between AGN and non-AGN ULIRGs strengthens that mid-infrared colour is a good indicator of AGN activity in infrared galaxies (e.g., de Grijp et al. 1985; Neff & Hutchings 1992) . The little differences in IRAS 60−100 µm colour distribution reinforce that star formation dominates the emission of AGN in the far-infrared regime (e.g., In the middle (right) panels, the ULIRGs which have a flux upper limit at 25 (100) µm are not used in the calculations and they are represented by dots. Elbaz et al. 2010; Hatziminaoglou et al. 2010; Hwang et al. 2010b; Shao et al. 2010) . On the other hand, narrowline AGN ULIRGs have in general lower infrared luminosity and cooler IRAS 25−60 µm colour than broad-line AGN ULIRGs do. If we assume that the infrared emission in galaxies is emitted isotropically, and does not depend on viewing angle (e.g., Mulchaey et al. 1994; Schartmann et al. 2008; Gandhi et al. 2009) , the difference between narrow-line AGN and broad-line AGN ULIRGs seems not to be compatible with the predictions of the orientation-dependent unification model of AGNs in which narrow-line and broad-line AGNs are intrinsically same objects observed from different angles (Antonucci 1993) . This conflict can be explained if narrow-line AGN ULIRGs host a central engine deeply buried by extended, dusty regions of star formation as proposed by several authors (e.g., Genzel et al 1998; Gerssen et al. 2004) .
In Fig. 6 , we show the relations between optical ([O iii]/Hβ line ratio or [O iii] line width) and infrared (infrared luminosity, IRAS 25−60 µm colour or IRAS 60−100 µm colour) properties of the combined ULIRG sample. Broad-line AGN ULIRGs are not plotted because their line widths and fluxes are not properly measured in many cases 3 . Since the spectral types are determined by the optical emission lines, narrow-line AGNs and non-AGNs are well separated along the y-axis. As expected, clear correlations are found only in the middle panels (see the values of Spearman's rank correlation coefficients). We checked these relations using various infrared colours from the AKARI all-sky survey point source catalogues 4 but we could not draw any meaningful results due to the small number of data points.
SUMMARY
We studied optical spectral properties of 115 southern ULIRGs using the spectra obtained from our CTIO observations, 2dFGRS, and 6dFGS. For ULIRGs with Hα measurement, we classified them in the standard diagnostic diagrams. We classified the other ULIRGs using the (ii) In our sample of the 115 ULIRGs, there are 8 broadline AGNs, 49 narrow-line AGNs, and 58 non-AGNs. The AGN fraction is 50% and changes as a function of infrared luminosity and IRAS 25−60 µm colour. These results are consistent with those in previous studies.
(iii) Using the combined ULIRG sample, we show that the colour distributions of AGN and non-AGN ULIRGs are significantly different in IRAS 25−60 µm colour and are indistinguishable in IRAS 60−100 µm colour. These results
